A Gram-reaction-negative, aerobic, non-motile, red-pigmented and rod-shaped bacterium, designated XF-6R T , was isolated from mountain soil in the Sichuan province of China. Phylogenetic trees based on 16S rRNA gene sequence analysis showed that XF-6R T belonged to the genus Hymenobacter. The greatest 16S rRNA gene sequence similarities of strain XF-6R T were with Hymenobacter soli PB17 T (96.4 %) and Hymenobacter saemangeumensis GSR0100 T (95.8 %). Summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 15 : 0 , C 16 : 1 v5c and anteiso-C 15 : 0 were the major fatty acids (.10 %). The only menaquinone was menaquinone-7. The major polar lipids were phosphatidylethanolamine, four aminolipids, four phosphoaminolipids and three lipids. The DNA G+C content was 62 mol%. On the basis of the polyphasic taxonomic analysis, strain XF-6R T is considered to represent a novel species of the genus Hymenobacter, for which the name Hymenobacter monticola sp. nov. is proposed. The type strain is XF-6R T (5KCTC 42733 T 5CCTCC AB 2015206 T ).
The genus Hymenobacter belongs to the family Cytophagaceae. It was first described by Hirsch et al. (1998) and was afterward emended by Buczolits et al. (2006) and Han et al. (2014) . At the time of writing, the genus Hymenobacter contains 33 species (http://www.bacterio.net/hymenobacter. html). Members of the genus have been isolated from various samples, such as soil, air, freshwater and desert (Buczolits et al., 2002; Baik et al., 2006; Zhang et al., 2009; Hoang et al., 2013) . All strains in the genus are Gram-reaction-negative, red-pigmented, rod-shaped and aerobic (Buczolits et al., 2006) . The main menaquinone is menaquinone-7 (MK-7). Phosphatidylethanolamine is the predominant polar lipid. The major fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 , C 16 : 1 v5c, summed feature 3 (C 16 : 1 v7c/ C 16 : 1 v6c) and/or summed feature 4 (iso-C 17 : 1 I/anteiso-C 17 : 1 B) (Hoang et al., 2013; Srinivasan et al., 2015) . In addition, members of the genus have high DNA G+C contents (55-70 mol%) (Hirsch et al., 1998; Reddy & Garcia-Pichel, 2013; Han et al., 2014) . In this study, we analysed strain XF-6R T using polyphasic taxonomic tools.
Strain XF-6R T was isolated from soil near to a pond on the Huanglong mountain, Sichuan province, PR China (328 439 450 N 1038 509 280 E, altitude 3 km). The pH of the soil was pH 6.0. The soil sample was thoroughly suspended in 0.9 % (w/v) NaCl. The suspension was serially diluted and spread on R2A agar plates, which were then incubated at 28 8C for 7 days. 1L R2A agar contains proteose peptone 0.5 g , K 2 HPO 4 0.3 g, starch 0.5 g, sodium pyruvate 0.3 g, glucose 0.5 g, MgSO 4 .7H 2 O 0.05 g, yeast extract 0.5 g, casein hydrolysate 0.5 g and bacteriological agar 15 g. In order to acquire a pure culture, strain XF-6R T was purified after several subcultivations. The strain was stored with glycerol (25 %, w/v) at 280 8C.
The 16S rRNA gene fragment of XF-6R T was amplified by the universal primer pair 27F and 1492R as described by Fan et al. (2008) . The purified PCR product was cloned into the pGEM-T vector and sequenced using primers T7 and SP6. For phylogenetic analyses, the 16S rRNA gene sequences obtained from the EzTaxon-e service (Kim et al., 2012) were aligned with XF-6R T using CLUSTAL X (Thompson et al., 1997) . Neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) trees were reconstructed using MEGA version 5.0 software (Tamura et al., 2011) . Bootstrap analysis with 1000 replications was conducted for obtaining confidence levels of the branches (Felsenstein, 1985) . The evolutionary distances were calculated using an algorithm of Kimura's two-parameter model (Kimura, 1980) . According to the three phylogenetic trees, strain XF-6R T was classified to the genus Hymenobacter. The highest levels of 16S rRNA gene sequence similarity were with Hymenobacter soli PB17 T (96.37 %) and Hymenobacter saemangeumensis GSR0100 T (95.84 %). Compared with other species of the genus Hymenobacter, the 16S rRNA gene sequence similarities of the strain were less than 94.9 %. Strain XF-6R T was located in the same clade as H. saemangeumensis GSR0100 T ( Fig. 1 and Figs S1 and S2 available in the online Supplementary Material).
All of the analyses were performed using R2A at 28 8C unless otherwise mentioned. Cell morphology and flagella were detected by scanning electron microscopy and transmission electron microscopy (Fig. S3 ). The presence of flexirubintype pigments was tested by using 20 % (w/v) KOH solution (Bernardet et al., 2002) . Gram reaction was tested using a Gram-staining kit (Jiancheng Biotech). Growth at different temperatures (4, 10, 15, 20, 25, 28, 30, 37 8C ) and different pH [4-10 at 1 pH unit intervals, adjusted by adding 0.1 M citric acid/0.2 M Na 2 HPO 4 (pH 4.0-7.0), 0.2 M Tris/ 0.2 M HCl (pH 8.0-9.0) and 0.05 M NaHCO 3 /0.1 M NaOH (pH 10.0)] was determined for 7 days. The NaCl tolerance (0-1 % in 0.1 % intervals and 1-5 % in 1 % intervals, w/v) was investigated in R2A broth for 7 days. Anaerobic growth was tested in an anaerobic chamber (Mitsubishi Gas Chemical) for 7 days on R2A agar. Motility test was performed with 0.3 % agar. Oxidase activity was determined by oxidation of tetramethylphenylenediamine. Catalase activity was observed by production of bubbles after addition of 3 % H 2 O 2 to the target. Hydrolysis of gelatin, starch, Tween 20, Tween 40, Tween 60, Tween 80, casein, DNA and cellulose was tested according to the methods of Cowan & Steel (1965) . Production of indole and hydrogen sulfide were also tested, as described by Dong & Cai (2001) . The API 20NE, API ID 32GN and API ZYM tests were used to measure the carbon-source assimilation and enzyme activity of all strains according to the manufacturer's instructions (bioMérieux). The results of API ZYM were recorded after incubation for 2 days. The results from the other reagent strips were observed after incubation for 3 days.
Strain XF-6R T was Gram-reaction-negative and aerobic. Cells were rod-shaped, non-flagellated and non-motile ( Fig. S3 ). Colonies were red, circular, raised, smooth and 1-1.5 mm in diameter on R2A agar after incubation at 28 8C for 5 days. Flexirubin-type pigments were absent. Strain XF-6R T could grow at 4-30 8C and pH 6.0-8.0. The optimum growth temperature and pH were 25 8C and pH 7.0, respectively. The concentration of NaCl allowing growth was 0-0.2 %. Oxidase and catalase activities were positive. Strain XF-6R T could produce indole, but not hydrogen sulfide. The differential characteristics of strain XF-6R T in comparison with other related phylogenetic neighbours are presented in Table 1 . Strain XF-6R T showed major biophysical and biochemical differences compared with the other related strains in the utilization of L-serine, caprate, valerate and 3-hydroxybutyrate as the sole carbon sources.
To determine the DNA G+C content of strain XF-6R T , genomic DNA was extracted from freeze-dried cells and detected by the reverse-phase HPLC method (Tamaoka & Komagata, 1984) . To analyse the fatty acids, cells of strain XF-6R T and the two closely related strains were harvested when bacteria grown on R2A agar reached the mid-exponential phase using the quadrant streak pattern (Sherlock Microbial Identification System, MIDI) and analysed by gas chromatography according to the protocol of MIDI (version 6.1 and TSBA library version 6.1) (Sasser, 1990) . Respiratory quinone was extracted from lyophilized cells and then analysed by HPLC (Collins, 1985) . Polar lipids were extracted from lyophilized cells and analysed by two-dimensional TLC as described by Minnikin et al. (1984) .
The DNA G+C content of XF-6R T was 62 mol% (Table 1) . The main fatty acids were summed feature 3 (C 16 : 1 v7c and/ or C 16 : 1 v6c), iso-C 15 : 0 , C 16 : 1 v5c and anteiso-C 15 : 0 ( Table 2) . MK-7 was the only menaquinone of XF-6R T .
The major polar lipids included phosphatidylethanolamine, four aminolipids, four phosphoaminolipids and three lipids (Fig. S4 ). These results are in accord with the characteristics reported for other species of the genus Hymenobacter (Hirsch et al., 1998; Srinivasan et al., 2015) .
All the data from the polyphasic analytical study indicated that strain XF-6R T was similar to the other strains of the genus Hymenobacter, but showed major 16S rRNA gene sequence and biophysical and biochemical differences. Thus, strain XF-6R T represents a novel species of the genus Hymenobacter, for which the name Hymenobacter monticola sp. nov. is proposed.
Description of Hymenobacter monticola sp. nov.
Hymenobacter monticola sp. nov. (mon.ti9co.la. L. n. mons, -ntis mountain; L. suff. -cola, inhabitant; N.L. masc. n. monticola, living in the mountains).
Cells are Gram-reaction-negative, rod-shaped (0.5-0.8 mm in width and 1.1-2.0 mm in length), non-flagellated and nonmotile. Colonies are raised, red and circular (1-1.5 mm in diameter). Flexirubin-type pigments are not formed. 1 v6c) , iso-C 15 : 0 , C 16 : 1 v5c and anteiso-C 15 : 0 . Menaquinone-7 is only menaquinone. The predominant polar lipids are phosphatidylethanolamine, four aminolipids, four phosphoaminolipids and three lipids.
The type strain is XF-6R T (5KCTC 42733 T 5CCTCC AB 2015206 T ), isolated from soil of Huanglong mountain, Sichuan province, PR China. The DNA G+C content of the type strain is 62 mol%.
